Results: The number of patients with dyskinesias indicated by medical records (n =10) was less than the number of patients with self-reported dyskinesias (n = 13). According to the patient interviews, the mean prescribed daily dose (PDD) of levodopa was
INTRODUCTION
Patients with Parkinson's disease typically present with tremor, rigidity and bradykinesia [1] [2] [3] . Levodopa is regarded as the 'gold standard' symptomatic treatment for Parkinson's disease, however, after 4 -5 years of treatment, levodopa efficacy tends to decline [1, 4] . Patients on longterm treatment with levodopa experience motor fluctuations and dyskinesias (impaired voluntary movements which result in fragmented movement which only cease during sleep) [5] . Dyskinesias, also termed levodopa-induced dyskinesias (LIDs), are a major limitation in the therapy of Parkinson's disease [5] . Yet, the ELLDOPA (Early versus Later Levodopa in Parkinson's Disease) study did not find evidence to suggest that levodopa accelerate the worsening of Parkinson's disease [6] .
LIDs are more commonly associated with high daily doses of levodopa, ranging from 400 mg to 600 mg daily [7, 8] . Also, younger patients experience dyskinesias more frequently than older patients. In a study of 50 patients with disease duration of 10 years and longer, 56 % developed drug-induced dyskinesias within the first 10 years [9] , and incidence was related to disease severity. Further studies noted that patients in later stages of the disease were more likely to develop dyskinesias earlier than patients in earlier stages [10] , and it was demonstrated that patients between 40 and 49 years and those between 50 and 59 years presented with 40 % and 53 % incidence respectively, whereas patients over 60 years presented lower than 26 % incidence [11] .
A further factor when determining a patient's risk for the development of dyskinesias is the levodopa dose per kilogram [12, 13] . Not all patients on similar levodopa doses develop dyskinesias as 60 % of patients remain free of any dyskinesia after four to six years of therapy [13] . A possible explanation for this is the body mass of the patient [13] . This was also seen as the reason for women experiencing dyskinesias more frequently than men, since women weighed less and were receiving higher levodopa doses per kilogram [13] .
A major controversy in Parkinson's disease therapy is whether to withhold levodopa as the initial therapy in order to delay the onset of dyskinesias or to provide the patient with this 'gold standard' therapy in order to obtain maximum symptomatic control. There has not been any previous study identified on the risk factors for the development of dyskinesias in South Africa. The primary aim of this study was therefore to determine the risk factors involved in the onset of dyskinesias in patients suffering from Parkinson's disease in South Africa.
EXPERIMENTAL Study design
A questionnaire was developed to determine the presence of dyskinesias in patients with Parkinson's disease as well as possible risk factors such as the date of diagnosis, disease duration and levodopa dose. The information obtained included the age of onset of Parkinson's disease, when levodopa therapy was initiated relative to the date of diagnosis, the use of other medications, even if not antiparkinsonian medication, if and when the emergence of dyskinesias occurred, the severity of the dyskinesias as well as the risk factors involved in the emergence of dyskinesias. A retrospective review of the medical records of participating patients was also conducted to obtain an objective view of the patients' conditions. A total of 43 patients were included in the study. A pilot study was conducted to test whether the questions were unambiguous and whether patients would understand the questions, as well as to determine how long it will take to complete the questionnaire. Five patients from Hospital A were included in the pilot study. Their results were not included in the final study. Patient files were scanned in numerical order at both hospitals and patients older than 50 years and who had been on levodopa therapy for more than one year were selected. The final questionnaire was verbally administered to patients diagnosed with Parkinson's disease to ensure 100 % response rate. The survey took place in a comfortable, confidential environment where they were able to openly communicate. An unused office in the clinic was available for the interviews. Each patient was asked whether they want to stay where they were or want to move to the office. Some chose to stay where they were, whilst others preferred to be interviewed in the office.
Ethical considerations
Ethical approval was obtained from the Research Ethics Committees (Human) of the Nelson Mandela Metropolitan University (ethics clearance reference number: H11-HEA-PHA-001), the University of Cape Town and Stellenbosch University. The hospital management of both public sector hospitals provided permission to interview patients and access to medical records. Informed consent was requested from patients prior to participation in the study and confidentiality was maintained at all times.
Data analysis
A retrospective review of the participating patients' medical records was conducted using a data sheet which aimed to obtain information concerning the date of diagnosis, current disease severity, initial therapy prescribed, date of levodopa initiation, initial dose of levodopa, current levodopa regimen, other antiparkinsonian medications the patient was receiving, incidence of dyskinesias and latency to onset of dyskinesias. The data were captured using Microsoft Excel®.
Microsoft Excel® and Statistica® were used for statistical analyses.
Basic descriptive and inferential statistics were calculated. The results are expressed as mean ± standard deviation. Statistical significance was determined by Chisquare tests for the frequency of dyskinesias according to the duration of levodopa therapy. A value of p < 0.05 was considered significant.
RESULTS

Demographic information of patients
Of the 43 patients interviewed, 23 were males (53.49 %). Parkinson's disease was therefore more commonly found in male patients than female patients in this sample with a female to male ratio of 1:1.15. The majority of participants were coloured (n = 22; 51.16 %) with the second largest ethnic group being white (n = 16; 37.21 %). Most coloured patients were identified in the public sector while the white group was made up mostly of private sector patients (68.75 %). The majority of the patients were from Hospital B (n = 22; 51.16 %), with the support group in Port Elizabeth being the second largest pool of patients (n = 12; 27.91 %) and Hospital A provided nine patients (20.93 %) of the total 43.
Results from the patient interviews
There were 14 patients aged between 71 and 75 years (32.56 %) who constituted the largest age group overall. Male patients were found to be older than female patients. Of the 23 male patients, 73.91 % were 66 years or older as compared to females where only 55.00 % were 66 years or older. The majority of patients were diagnosed with Parkinson's disease between five and 10 years before the onset of the study (n = 15; 34.88 %) ( Figure 1 ). Six patients diagnosed more than 10 years before the onset of the study were over the age of 70 years.
The average Prescribed Daily Dose (PDD) of levodopa was 750 mg ± 452 mg. Fourteen patients were using levodopa for two to four years and 12 were using levodopa for more than 10 years. Fifteen patients were using levodopa for the entire duration of their disease. The majority of patients (n = 27; 62.79 %) were using the levodopa/carbidopa 100 / 25 mg formulation. Dyskinetic patients received a higher average PDD of 870 ± 590 mg. There were some patients who admitted to altering their doses to obtain, and what they felt was better symptomatic relief. Thirty-six (83.72 %) patients were also using other medication such as antihypertensive drugs, hypoglycaemic agents, lipid lowering agents and antidepressants. Patients with longer disease duration were receiving higher daily doses of levodopa.
A positive incidence of dyskinesias was reported by 13 patients (30.23 %). When applying finer age categories to the study population, it was seen that the majority of these patients were in the age groups 56 to 60 years (n = 4) and 71 to 75 years (n = 4). Of those reporting a positive incidence, seven were males and six were females (p = 0.98).
Five patients were diagnosed with Parkinson's disease more than 10 years ago (38.46 %). Table 1 indicates the frequency of dyskinesias according to disease duration.
The chi-square test yielded nonsignificant results and a p-value of 0.95 was found. Table 2 indicates the frequency of dyskinesias according to the duration of levodopa therapy.
Statistical analysis showed that there were some differences. However, due to the small sample size, the chi-square test yielded a non-significant result with a p-value of 0.4138. There were five patients who reported being on levodopa therapy for just two to four years. Of these, three were diagnosed less than five years ago. Four patients were reported to be using levodopa for more than 10 years. Results from the medical record review
According to the medical records, most of the patients were diagnosed between the ages of 56 to 60 years (n = 9; 20.93 %) and 61 to 65 years (n = 9; 20.93 %). The medical records showed that 44.19 % of patients were diagnosed between five and 10 years before the onset of the study, 23.26 % were diagnosed less than five years, and 27.91 % more than 10 years.
The average PDD of levodopa was 809 mg ± 514 mg with a range of 100 mg to 2 400 mg. The most commonly prescribed average PDD of levodopa was 300 mg (n = 7; 16.28 %). Males were receiving higher doses of levodopa with a mean of 858 mg ± 490 mg. Females were using a mean dose of 642.50 mg ± 400.75 mg. Higher doses of levodopa were associated with longer disease duration.
Eight patients (18.60 %) were prescribed amantadine. Eleven patients (25.81 %) were prescribed an anticholinergic agent. Six patients (13.95 %) were prescribed benzhexol, two patients (4.65 %) were prescribed biperidine and five patients (11.63 %) were prescribed orphenadrine. Of the two patients prescribed biperidine neither were continued on the medication. Only two patients (4.65 %) were prescribed entacapone. One patient discontinued the medication.
Twenty patients were prescribed a dopamine agonist (46.51 %). Five patients (11.63 %) were prescribed bromocriptine, six patients (13.95 %) were prescribed pramipexole and 15 patients (34.88 %) were prescribed ropinirole. There were also two patients (4.65 %) prescribed pergolide, however, both were discontinued after a period of six and nine years, respectively.
Four patients (9.30 %) were prescribed MAO-B inhibitors. Of these, rasagiline was the more popular drug with three patients out of the four being prescribed as such. However, only one of these patients continued therapy on a MAO-B inhibitor. Domperidone and metoclopramide were prescribed to two and one patient, respectively. Two patients received donepezil, an anticholinesterase, and one patient received memantine, an NMDA-receptor antagonist and a derivative of amantadine.
According to the medical records, 10 patients were diagnosed with dyskinesias, of which half were males. Patients experiencing dyskinesias were diagnosed with Parkinson's disease earlier than non-dyskinetic patients.
Half of the patients positively diagnosed with dyskinesias were diagnosed more than 10 years ago. Table 3 indicates the initial and current PDDs of levodopa according to the medical records of dyskinetic patients.
In the instances where information was not available, patients had been referred from one hospital to another and information was absent from the records. When comparing the initial and current doses, it was seen that the doses were increased in only three cases.
In the instances where the dose has been decreased, it is normally done to provide control of dyskinesias. The majority of patients with dyskinesias were on levodopa therapy for less than five years (n = 4; 40 %). Four patients did not have the information available in their medical records.
DISCUSSION
The number of patients with dyskinesias as indicated by the medical records (n = 10) was less than the number of patients with selfreported dyskinesias (n = 13). A reason could be that patients did perhaps not fully understand what a dyskinesia was and answered positively. The study showed that patients with dyskinesias had experienced longer disease duration. This was in line with the results of other studies which state that there is a positive relationship between disease duration and the risk of dyskinesias [7, 14] . Due to the small number of patients, when combining them into age groups 40 to 60 years, 61 to 70 years and 70 years and older, it was seen that five patients diagnosed between the ages of 40 to 60 years experienced dyskinesias. The incidence then decreased to two patients who were diagnosed between the ages of 61 to 70 years and one patient experiencing dyskinesias who was diagnosed at 70 years or older. This finding was similar to other studies found [11, 15] .
Dyskinetic patients received a higher average levodopa dose of 870 mg ± 590 mg compared to the average of 790.91 mg ± 497.88 mg received by non-dyskinetic patients and the overall average of 809 mg ± 514 mg as according to the medical records. When comparing the doses of levodopa being used at the time of the study, the patient interviews and medical records were almost identical. This indicates that most patients adhered to their prescriptions, although some patients admitted to altering their doses to obtain better symptomatic relief.
Eight patients were prescribed amantadine. According to the World Health Organisation (WHO) the Defined Daily Dose (DDD) is the assumed average maintenance dose per day for a drug used for its primary indication in adults [16] . The DDD of amantadine is 200 mg, but two patients were receiving higher doses than this (300 mg). Domperidone and metoclopramide were prescribed to two patients. Both these agents are dopamine antagonists used to increase gastric motility [17] . However, in Parkinson's disease neurologists may administer domperidone, concurrently with levodopa, in order to reduce the incidence of peripheral side effects caused by the dopaminergic drug. Domperidone does not cross the blood brain barrier [17] . According to Daily Drug Use [18] , metoclopramide reduces the effects of levodopa and concurrent use should be avoided. Two patients received donepezil and memantine. The primary indication for these drugs in Parkinson's disease is dementia [17] .
A Turkish study [7] showed that patients with an average initial dose of levodopa of 291 mg daily resulted in dyskinesias. Another study showed that dyskinesias were seen in patients receiving average levodopa doses of 338 mg daily [19] . The current study showed that eight patients were receiving daily doses higher than this. Not all patients developed dyskinesias, even though the dose of levodopa was high. This can be seen by patients 14 and 33 who both received daily doses of levodopa of 2 100 mg and 2 400 mg, respectively. Information concerning the patients' current mass was not available from either the patients or the medical records. The levodopa dose per kilogram could therefore not be calculated. 
Limitations of the study
CONCLUSION
The primary aim of this study was to determine the risk factors involved in the onset of dyskinesias in patients suffering from Parkinson's disease in South Africa. The findings indicated that longer disease duration, higher levodopa doses and a longer duration of levodopa therapy were risk factors in the development of dyskinesias. Parkinson's disease is an underrecognised condition in South Africa. It is recommended that a more comprehensive questionnaire survey be conducted to determine whether the incidence of Parkinson's disease in South Africa differs between racial or cultural groups.
Further investigation into the effectiveness of the various drug classes used in the treatment of Parkinson's disease and comparing these classes is warranted in order to establish more concrete treatment guidelines. Finally, it is recommended that weight-based dosing of levodopa should be taken into account and that its effect on the incidence of dyskinesias, particularly in female patients, be investigated.
